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ON THE TRANSONIC IRAG CHARACTERISTICS
OF WING-BODY COMBINATIONS

By Jim Rogers Thampson and Charles W. Mathews
SUMMARY

As part of an Investigation by the Natlonal Advisory Committee for
Aeronautlcs of the aerodynamic characterilstice of possible transonic and
supersonlc airplaene arrengements, the transonic drag characteristice of
a series of wing-body combinstions and their component parts are being
measured by the free-fell method. Configurations so far investigated
have conslgted of wings of various sweeps and thickness ratios mounted
on identlcal bodles of finemess ratio 12. Results for three configura-
tions - two having untapered 35° sweptback wings with thickness ratios
of 0.09 and 0.12, end one having a 35° sweptback wing tapered 1.46T7:1
with thickness ratio of 0.12 - are reported hereln and are compared with
previous results and with theoretical calculations to show the effects
of wing sweep angle, taper, and thickness ratio on the tramsonic drag
characteristics of wing-body combinstions.

For all the configuratlons so far investigated, elther reduction
of wing thickness ratlio or increase 1n the sweep angle produced large
reductions in the wlng and total drag at supersonlc speeds and delsyed
the occurrence of the drag rise to higher Mach numbers.

The drag of the body-tall combination of the configurations having
untapered wings was somewhat increased by elther reduction of wing sweep-

" back angle or Increase in thickness ratio but remained lower at supersonic

speeds than that of an ldentical body-tall combination tested without
wings. The drag of the body-tall combination 1n the presence of either
a sweptforward tapered wing or a sweptback tapered wing was considerably
increased over that of the body-tail combination without wings. The
wing drags were not appreclebly affected, however, either by taper or
by the sign at the sweep angle.

The results obtained for the 35° ewept wings were not consistent
with those predicted by linearized theory for swept wings of finite span
(NACA TN No. 1319) but correlated satisfactorily with results for unswept
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cos3A(t/c)2
Correlation for the 45C sweptback wing on this basis was also satis-
factory except &bove a Mach number of 1.02. The presence of the body
reduced the Mach number at which the abrupt rise in wing drag occurred

by an amount approximately equal to the difference between the estimated
local Mach number on the body at the wing rocot and the flight Mach number.

wings when plotted in the form against M \/cos A.

v INTRODUCTION

As part of & genersal study by the WACA of aerodynamic shapes at
transonic and supersonic speeds, the Flight Research Divislon of the Langley
Laboratory 1s investigating the transonlic drag characteristics of wings,
bodlies, end wing-body combinetions by the free-fall methcd. Previous resulis
heve confirmed the low-drag potentlalities of bodies of high fineness
ratio and swept wings; however, when such low-drag camponents were combined.,
Important interference effects on the drag were found. The free-fall
tests of wing-body cambinatlons have been extended to obtain further
understending of these lnterference effects and, at the same time, to
determine the effects of large changes in basic deslign varlables on the

drag.

Wing-body combinatlons so far investigeted have comnsisted of swept
wings mounted on identical bodles of finenese ratic 12 having small hoom-
mounted stabilizing tell surfaces. Detalls of these configurations and
the model numbers by whlch they ere designated 1n this paper are shown
in the followlng teble:

Sweep Taper Alrfoil Wing
Aﬁg::g (ratio -((NACA) loca-
Quearter center | (perpen- tlon
Model | oherq |Midchord ong':z:g-l chord |dicular to] (from Reference
(deg) (deg) wing srea) to tip | quarter |mex. body
ng chord) | chord) | diem.)
1 (a) (=) (a) (=) (=) (a) 1
e L5 45 4.1 S 1:1 65-009 Ahead 2
3 45 45 h.1 1:1 65-009 Behind 3
y -30 -33.7 k.0 2:1 65-012 Behind b |
5 35 35 4.8 1:1 65-009 Behind | Present |
paper
6 35 35 4.8 J:1 651-012 Behind | Present
paper |
7 35 32.9 4.8 1.467:1 651-012 Behind | Present
paper

a]30(1;,*4:&11 arrangement tested without w’lngs:.
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The transonic drag characteristics for models 5, 6, and T are
rresented herein and are campared with results previously reported to
provide same Information on the effects of wing sweep angle, thickness
ratio, end taper ratio on the drag of wing-body cambinstlons and thelr
camponent parts at transonic and low supersonlc spesds.

TESTS AND RESULTS

Results obtained fram the tests of models 1 to L and descriptions
of these models were reported im references 1 to 43 therefore, this
sectlon i1s limited to tests and results for models 5 to T.

Models.~ A drawling showing details and dimensions of models 5 to 7
1s presented as figure 1, and phobographs of models 5 and T are mresented
ag figure 2. The body-tall cambinations of the models were idenfiical
and differed fram those of models 1 to 4 only by the addition of an air-
speed head mounted on & emall, cylindrical boom exbended from the nose of
the body. Coordinates of the body contour are presented in table I. The
wings of models 5 to T were swept back 35° (measured at the quarter-chord
line) and had NACA €5-series sections in plames perpendicular to the
quarter-chord line. The wings differed 1n taper rablo and thickmess}

" models 5 and 6 had untapered wings with thickness ratios of 0.09 and 0.12,

respectively, and model T had a 1.46T:1 tapered wing with a thickness
ratio of 0.12.

The wing of each model was locabed on the body so that the inter-
section of the midchord line with the body surface was approximately
15 inches to the rear of the body maximm dlameter. This wing position is
identical with that of model 3 and &bout 3 inches ahead of the wing
position for model k. The wing and tall surfaces were mounted on separate
drag balances wilthin the body and entered the body through rectanguler
slots slightly wlder than the maximum thickness of the airfoll. The
slots at the wing-body Juncture were filled with wooden blocks mounted
on the wing at the root and shaped to preserve the body contour. Small
clearances were provided so that these filler blocks dlé not rudb agelnst
the sides of the slots as the wing balence deflected under drag load.

Measurements. - Measurement of the desired gquantlities was accam-
plished as in previous free-fall tests (references 1 to L) through use |
of the NACA radlo-telemetering system and radsr and phototheodolite
equlmment. The followlng quantities were recorded for easch model at
two separate ground stations by use of the telemeterling system:

(1) The longitudinal force exerted on the body by the wing es
measured by & spring balance

(2) The longitudinal force exerted on the body by the taill surfaces
as measured by a spring balance
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(3) The total retardation of the model as measured by three longi-
tudinal accelercmeters (useble ranges: O to 0.1, O to 0.5,
and 0.4 to 1.0g, respectively)

(4) static pressure at the alrspeed head as measured by three emeroid
cells (usable ranges: 275 to 875, 700 to 1250, amnd 1200 to
2150 1b/sq ft abs., respectively)

(5) Totel pressure at the airspeed heoad as measured by four sneroid
cells (usable ranges: 275 to 1275, 1200 to 2400, 2250 to
3750, and 3600 to 5600 1b/sq ft abs., respectively)

Precision of measurements.- The estimated meximm uncertainties of
the drag parsmeters presented herein for models 5 to 7 are given in
table 1I for several Mach numbers. The values carrespond to a maximum
uncertainty in a telemetered quantity of +1 percent of the full rangs of
the Instrument. Comslderable evldence has heen obtalned which indicates
that the l-percent value 1s a reasoneble estimate of the over-all accuracy
of the telemetering system.

The uncertaintlies glven in the table for the total and body-tail-
combinaetion drag paremesters are considerably smaller then similar values
quoted in references 1l to 4 due to the use of improved instrumentation
recently developed by ithe Langley Instrument Research Division. This .
Inmproved instrumentation replaces the single longltudinal accelercmeter
used previously wlth several accelerometers having much smeller and
slightly overlapping ranges with the result that the uvncertainty in
the total retardation measured by each acceleramster 1s reduced in pro-
portion to the ratio of the range of each accelerameter to the total
range of retardatlon required. The ranges of the accelerometers used
in the present teste ere glven In the sectlon entitled "Measurements. "
In order that only one telemeter chammel will be required for the
several accelerameters, the indication of each was sempled gbout 5 times
per second through use of mechanical switchlng equipment. A similer
gystem was used to measure the total and statlc pressures at the air-
speed head.

The Mach numbers determined from the true alrspeed-temperature
data are considered to be umcertain within #0.0l. As the values of
Mach number are used to compute drag coefficients fram D/Fp ratios,

the percenteage uncertainties shown 1n table II for the drag coefficients
are ecmewhat greater than those shown for the D/Fp ratios.

Values of maximm uncertainty given in table II for the body-tail
combination correspond to the sum of the maximm wmcertalnties in the
meagured wing and total drags since the drag of the body-tail combina-
tlon was obtalined as the difference between these quantities. The most . ’
probable value of the uncertalnty for this quanbity would be somewhat
less than the values quoted.
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Reduction of data.- The date were reduced to variations with Mach
.number of D/Fp ratlos and drag coefficlents for the complete models

and thelr component parts by use of the atmospheric conditions msasured
at the time of the tests and the relations

o —Y
B 49.04 /T
and
Dp ~ 5 /o2 :j Lt
where
M Mach number
v true alrspeed (grou.nd. veloclity plus wind), feet per second
hs) gtmospheric pressure, pounds per square foot &bs.
T free-air temperature, degrees Ranklne
D drag, pounds
F frontal area, squere feet
7 ratio of specific heats of air (1.4)

The dreg coefficlents for the wings and tall surfaces were based on the
arecas outslde of the body end tall boom, respectively.

No radar and phototheodolite data other than the release conditions
were obtained for model 6, and the variatlons of ground veloclty and
altitude during its fall were camputed by successive lntegration of
vector sums of gravitational acceleration and the dlrected retardation
measured by the longltudinal accelercmeters. Excellent agreement between
the ground velocity and altitude determlinsed in this manner and by the
radar and photothecdolite equlipment was obtalned for models 5 and T and
in previous tests (references 1 to 5). The tail drag measured for
model 5 is considered to be unreliable and is, therefore, not presented
herein. ; :

Results. - The results obtalned in the free-fall tests of models 5
to T are presented in flgure 3 as curves showlng the variatlon of
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D/Fp ratio with Mach number for each complete model.

illustrate the relastive importance of each camporent wilth regerd to
drag contribution, the division of the total drag among the component
parte is shown in the figures; approximate percentage contributions
at low supersonic speeds are given In the following table:

In order to

Model 5 Model 6 Model 7
Wing 58 66 63
Body-tail combination yo 34 37
Tail -- 8 9

The measurements of total and static pressures at the airspeed
head for models 5 to T were made for use in other tests and willl not
be reported herein. Results of pressure measurements on model 5 have
been reported in reference 6 and the results for models & and T were
similer. It mey be noted, however, thet within the estimated umcertainties
of the pressure measurements the Mach numbers determined from the airspeed
head sgreed with the Mach numbers determined fram the ground velocity-\
wind-temperature data which are used throughout this paper.

DISCUSSION

The results for models 5 to 7 which were preeented in figure 3 are
campared in figures % to 9 with similar results for the configurations
which have been previously tested. Detalls of each conflguration and
the reference fram which the data were teken are shown in tabular form
at the top of each figure. The aspect ratins glven in the figures are .,
based on the over-all spen and wing area (including that within the body),
and the sweep angles are measured from the line of maximm thickness of
the wings. The transonic drag characteristics of each component are
discussed separately.

Wing dregs - effect of sweepback and thicknegs.- The measured
variations of drag coefficient with Mach number for the untapered wings
of models 3, 5, and 6 are compared in figure 4. It is immediately
apparent that reduction of the thickness ratio a.nﬂ./or increase in the
angle of sweepback greatly reduce the wing drag at supersonic speeds
and delay the occurrence of the dreg rise to higher Mach numbers.

Included in figure L4 are curves showing the variation of pressure
drag coefficlent with Mach mumber for the sweptback wings as computed
from the linearized theory presented by Hermon and Swenson in reference 7.

W

Ll

Ll
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The camputations were made for clrcular-arc airfolls and for values of
aspect ratio corresponding to those of the tested wings based on the
exposed areas and spans. It is &pparent that for the 45° sweptback

wing (model 3) the measured drag is of the same order of megnitude as*
that predicted by the theory if & reasonable value 1s assumed for the
skin~friction drag coefficient. For the 35° sweptback wings (models 5
and 6), however, the agreement is unsatisfactory; the measured values
are approximately constant at supersonic speeds, while the theory pre-
dicts a steeply rising curve. Reference 3 shows that the drag of a

wing similer to that of model 3 mounted through open slots at the rear

of a cylindrical bedy d1d not rise abrupbly neer the speed of sound bub
increased gradually with Mach mumber, attaining a velue at M = 1.2h

of the same order as that measured for the wing of model 3. Thus, it

is evident that the wing dreg was affected near the speed of sound by

the wing mounting and body shape. It does not appeer likely, however,
that these effects or the use of sharp-nosed airfolls for the theoretical
computation could account for all of the discrepancy between the measured
and predicted results for the 35° sweptback wings.

In view of the urgent need for a method for predicting the drag
characteristics of swept wings in wing-body combinastions, an attempt was
made to correlate the limited results presented in figure 4 with results
for unswept alrfoils tested on cylindrical bodies (reference 8) accarding
to the simple theory for infinite yawed wings. The thecary, which has
been described in meny German reports, leads to the result that the
mressure drag coefficient bhased on plaen area CDP for an unswept wing

is related to the pressure drag coefficient CDP of a wing with

A
sweepback A having the same thickness ratio normal to the leading
edge by

Cp

A
DP cos3A

at M cos A where M 1is the flight Mach number.

c

German investigators found that much more satlsfactory correlation
of measured drag characterilistics of & famlly of swept wilngs was obtained
if the data are correlated at M\Jcos A rather then M cos A-. This
result was also found to apply to the resulits presented herein. The
- effect of this modification is roughly equivalent to assuming that the
sweepback 1s only half as effective in delaying the Mach number at which
the drag rise occurs as the theory for infinite yawed wings indicates.
The experimental results of figure 4 and reference 8 reduced according
to the modified relations (assuming a skin-friction drag coefficient
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of 0.005) are presented in figure 5. As reference 8 shows that for

unswept alirfoils of 9- and 12-percent thickness abt low supersonic speeds

the pressure drasg coefficlent Cp. 1is proportlonal to the square of the
P

thickness ratio and as a similsr result is obtained in supersonic wing
theory, the results shown 1n figure 5 are corrected to a thickness

ratio t/c of 0.09 by use of the factor <o )

The results shown in figure 5 divide into two similer groups; the
unswept airfolls mounted on cylindricel bodles, falling together (approxi-
mately within the accuracy of the Mach mmber measurement, :O. 01) and
the swept airfoils mounted on "streamiine” bodies, falling together about

0.07 M\{cos A lower. In general, the shape of all the curves is
gimilar; however, the 45° sweptback wing does not show the relatively
sharp break after the abrupt drag rise evidenced by the others and

attaing & lower velue at the higher values of M\Jcos.A-

The earlier drag rise of the swept wings moumted behind the meximum
diemeter of fineness-ratio-12 bodies compered with those for the unswept
alrfoil mounted on cylindricel bodies appears to result from the presence
of the streamline body. It is estimated from the incompressible pressure
distribution ebout the fineness-ratio-12 body (coarrected by the method of
Lees, reference 9) that the local Mach number in the reglon of the wing-
fuselage Juncture is about 0.05 greater than the free-stream Mach number
at the high subsonic speeds at which the wing drag rises occurred. As
both theory and experiment have shown that for a swept wing at transonic
gpeeds the pressure drag 1ls concentrated near the wlng root, 1t appears
reasonable that the wing drag 1s chlefly dependent upon the local Mach
number in the reglon near the wing rcot and the drag rise would occur
when this local Mach number reached the value of freerstresam Mach number
at which the drag rise occurred for a similar airfoil mounted on a
cylindrical body. The incremental Mach mumber estimated (0.05) is of '
the same order as the increment shown by the experlimental data of figure 5.

As no rellable data are avallable on the skin frictlion at transonic
speeds, a value of 0.005 (based on plan area) was assumed for &ll the
wings in preparing figure 5. However, most wind-tunnel tests at subsonic
speeds have shown somewhat lower skin-friction drag coefficients for
swept wings than for unswept wings. IExcept for the L5° sweptback wing
of model 3, the pressure drags for the wings considered herein are large
in comparison to the assumed friction drags and, thus, the uncertainty
in the friction drag does not significantly affect the data presented.

For the wing of model 3 the pressure drag is of the same order as the

friction drag, and as a large magnification 1s introduced by the cos3 h5°
factor, the date presented are significantly affected by the assumed
frictlon drag coefficient. An unreasonsbly low value of the friction

SN
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drag coefficient would be required to account for &ll of the discrepancy
between the 45° and 35° sweptback wings, however.

The absclssa of figure 5 does not include a correction for the
effect of thickness ratlic and, therefore, the drag rise for the thinner
wings should appeer in thisg figure at slightly higher Mach numbers than
the drag rises for otherwise comparable wings. The data shown in
figure 5 are conslstent wlth this statement. It 1s apparent that the
perameters satlsfactorily correlate the experimental results for the
swept wings considered except for the 45° sweptback wing ebove the drag
rige. In this case the discrepancy is samswhet greater than the esti-
mated maximum uncerteintlies in the experimental measuremsnts and the
assumed friction drag.

It therefore appears that a useful estimate of the drag of a
swept wing mounted on a fuselage can be obtalned fram data for a slmilar
unswept wing by correcting the drag coefficlent In proportion to the
cube of the cosine of the sweep angle and the square of the thickness
ratio and by correcting the Mach mumber in proportion to the square
root of the coslne of the sweep engle. The effect of the fuselage on
the wing drag is included by shifting the drag curve thus derived by an
amount equal to the incremental Mach number 1n the reglon of the wing
root. Thils result 1s of course strictly applicable only to the investl-
gated configurations having A ® 35° though 1t provides a satlsfactory
estimate far the configuration having the 45° eweptback wing until the

top of the drag rise is reached (M\Jcos A ® 0.90, M ®&1.02). In the
absence of experimental data, the method should provide a unegeful first
approximation to the wing drag for wing~body combinations sgimilar to
those investlgated.

Wing drags - effect of sweepforward and taper.- The measured
variations of drag coefficlent with Mach number for the wings of models L,

6, and 7 are compared in figure 6. Increasing the taper of the
sweptback wing from 1:1 to 1.467:1 (models 6 and T) increased the drag

at low superscnic speeds by &bout 5 percent. However, lncreasling the
taper fram 1:1-to 2:1 and sweeping the wing forward (models 6 end k)

did not change the wing drag at low supersonic speeds but delayed the
occurrence of the abrupt drag rise by about 0.02 Mach number. Both of
these differences are only slightly greater than the estimated maximm
uncertainties of the msasurements. It is evident that, at least for the
wings investigated (sweep & +35°, thickness ratio 0.12, taper ratio 1:1,
1.467:1, and 2:1), use of sweepforward or sweepback or variation of

the taper ratio have 11lttle effect on the tramsonic drag cheracteristics
of the wing. As the drag of a comparable unswept wing near the speed of
gound would be about twlce the values shown in figure 6, it appears that
sweepforward and sweepback are almost equally effectlve means for reducing
the wing drag.

As both the Mach numbers &t which the drag rise occurs and the
drag at low supersonic speeds measured for the tapered wings of models i
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and T agree closely with the results for the untapered wing of model 6, .
it 1s evident that the method presented herein far predicting the effect.

of a fuselage on the wing drag at transonic speeds applies equally well

to sweptforward or tapered wings.

Tall -drags.~- The varlatlons of tail drag coefficient with Mach
mmber measured for models 6 and T are campared in figure 7 with results
for the ldentical tails of models- previously tested. The results for
the talls of models 2, 3, 6, and 7 and of the fineness-ratio-6 body
without wings (reference 5) differ by amounts only slightly greater
than the estimated maximm uncertainty of the msasuwrements. Although
some dlfferences might be expected iIn the tall drags of the different
configurations, no definite trends are evident in these data.

Body-tail-cambination drags.- Varlatlions of drag ccefficlent with
Mach number for the ldentical body-tall cambinations of the investigated
configurations are campared in figure 8. The drag coefflcilents are based
on the body frontal aree and were camputed by subtractlng the measwred “
wing drag from the measured total drag for each conflguration. The data
thus contain the interference effects of the wing on the body-tall combina-
tion. The comparison is based on the drag of the body-tail combinations
rather than the drag of the bodies as reliable measurements of the tail
drag are available only for 3 of the 6 models compered. The average drag g
contributed by the tail is shown in figure 8 by the lower curve. All of \ .
the tail drag data of figure T fall within the cross-hatched band.

Examination of figure 8 shows that the drag of the body-tall combina-
tions having eweptback untepered wings (models 3, 5, and 6) is lower at
gsupersonic speeds than that of the ldentical body-tail comblnation tested
without wings (model 1) although the drag rilse occurs at a lower Mach
number for the models having 35° sweptback wings (models 5 end 6). Thus,
the favarable Interference effect on the body drag at supersonic speeds
due to location of an untapered, sweptback wing behind the maximum body
dtameter (reported in reference 3) is confirmed. Reductlon of the sweep-
back angle fram 45° to 35° (models 3 and 5 or 6) resulted in an unfavorable
Interference effect Just below the speed of sound. At the higher super-
sonic speeds investigated, the favorable interference effects for models 5
and 6 were of the seme order of magnitude as those found for model 3, .
however. The magnitude of this favorable lhterference effect 1s scmewhat
greoater than the estimsted meximum uncertainty of the measurements.

Camparison of results for model 6 with those for model T in figure 8
shows that changing the taper of the sweptback wing fram 1:1 to 1.467:1
increased the drag of the body-tail cambinatlion by asbout 45 percent near
the speed of sound. As the drag of the body-tall cambination of model L4
(sweptforward wing) 1s of the seme order of magnitude below the speed of *
sound as that of model T, it appears that a large unfavorable interference
effect of a tapered wing on the drag of the body-tall cambination exists . :
for the sweptforward conflguration as well as for the sweptback configura-
tlon. Just above the speed of sound, however, the drag of the body-tail
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cambination of model 4 was about 1T percent greater than that of model T.
As the wing of model k& was tapered 2:1 while that of model T was tapered
1.4b67:1, 1t is not definitely established whether the higher drags of
model 4 &bove the speed of sound result fram the effect of teper or fram
the sign of the sweep angle.

Total drags.- The measured varlations of total drag coefficient
with Mach number for models 1 and 3 to T are compered in figure 9. The
coefficients were based on the body frontal area as that quantity was
the seme for all the models. It is apparent fram fi e 9 that either
reducing the wing thickness ratlo at constant sweep (models 6 and 5) or
incressing the wing sweep for a constant thickmess ratio (models 5 and 3)
conslderpably reduced the over-all drag at supersonic speeds, reduced
the abruptness of the drag rise, and delayed the occurrence of the
drag rise to higher Mach nmumbers. For the models having sweptback wings,
the maximum value of the total drag coefficient occurs at successively
higher Mach numbers &s the wing thickmess ratio is reduced ar a&s the
sweep angle is lIncreased.

. The drag per wnilt of total frontal area for model 3 is less than
that of model 1 at Mach numbers below 1.17, the difference asmounting to
about 30 percent near the speed of sound. Far modsls 4 to T, however,
the Increased wing drag resulting from reductlon of the sweep angle and
increase of the thickmness ratio causes the total drag per unit of total
frontal area to be considerably greater than that measured for model X.

Some Information on the effects of taper and the sign of the sweep
angle on the over-all drag cheracteristlcs of the configuration at
transonic speeds may be obtained by comparison of the results presented
in figure 9 for models 4, 6, end 7. Note that the wing area for model L
wes greater than that of models 6 and 7. If the results shown in
figure 9 for these models were based on the seame wing area, She curve
for model 4 would fall aslmost exactly on the curve for model 7. It is
evident that neither taper nor sweepforweard appreclebly affected the
over~all drag during the abrupt drag rise. Beyond the drag rise, however
both the configuwration having the sweptback tapered wing and that having
the sweptforward tapered wing had appreciably higher over-all drags then
did the configuration with an untapered, sweptback wing. The higher
drags of models 4 end T at supersonic speeds were shown previously to
occur principally in the drag of the ldenfical body-tell combinations.

Thus, the effect of taper ie to replace the favorable Interference
effect on the body dreag of an untapered, sweptback wing located behind
. the maximum diameter of the body (see reference 3 and the present paper)
by a large unfavorable interference effect.
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CONCLUDING REMARKS

Free-fall measurements of the tramsonlic drag characteristics of -
three wing-body cambinations - two having untapered, 35° sweptback wings
with thickness ratios of 0.09 and 0.12 end one having a 35° sweptback
wing of 0.12 thickness ratio and tapered 1.467:1 - are presented herein
© and are campared with results previously reported for related conflgura-
tions end with theoretical calculations. The comparison shows the
following effects of wing sweep angle, taper, and thickness ratio on
the transonic drag characteristlcs of these wing-body cambinations and
their component parts:

(1) Either reduction of wing thickness ratio or increase of the
sweepback angle resulted In a large reduction of the wing drag and over-
ell drag at supersonic speeds and delsyed the occurrence of the drag
rise to high Mach numbers.

(2) For the configurations having untapered wings, the drag of the
body~tall combinstlion was somewhat Increased nesr the speed of sound by
elther reduction of wing sweepback or increase ln wing thickness ratilo
but remained lower at supersonlic speeds than that of an identlcal body-
tall combination tested wilthout wings.

(3) The drag of the body-tail combinetion 'in the presence of elther

a sweptforward, tapered wing or & sweptback, tapered wling was considerably

increased over that of the body-tall cambination without wings, the
greater part of the increase resulting from the effect of taper. The
sign of the sweep angle dld not appear to affect the wing drag

appreciably.

(4) The wing drag results for the 35° swept wings were not
consistent with those predicted by linsarized theory for sweptback
wings of finite span (NACA TN No. 1319) but correlated satisfactorily

Cp

cos:‘sA(*b/c)2
against M \{cos A. TFor the 45° sweptback wing the correlation

on this basls wes also satisfactory except a&bove a Mach number of

1.02. The effect of the presence of the body on the wing drags 1s

to reduce the Mach number at which the abrupt drag rise occurs by an
amount approximately equal to the difference between the estlmated local
Mach number on the body at the wing root and the flight Mach number.

with results for unswept alrfoils when plotted in the form

Leangley Aeroneutical ILaboratory
Nationel Advisory Committee for Aeronautics

ILengley Fleld, Va. '
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TABLE I

NACA RM No. LE&O1

v

COORDINATES OF BODY - MODELS 5, 6, AND 7

x y
( 1n- ) (in' )
0.00 0.000
. 60 277
.90 .358
1.50 .51k
3.00 . 866
6.00 1.446
9.00 1.936
12.00 2.365
18.00 3.112
24.00 3.708
30.00 4.158
36.00 4.489
42.00 k.19
18.00 4.876
54.00 h.om1
60.00 5.000
66.00 k.955
T2.00 .88
T78.00 4.610
8k.00 h.27h
90.00 3. 754
96.00 3.031
102.00 2.222
108.00 1.350
114.00 .526
120.00 000
~NACA-

[Fineness ratio, 123 nose radius, 0.060 in]

-
.
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TABLE II

! ESTIMATED MAXTMUM PERCENTAGE UNCERTATNTIES OF IRAG PARAMETERS

15

Model 5
(NACA 65-009 wing)

' 0-90 1.00 1.17
Drag parameter - .
D/Fp Total 7T +2.h +0.7
Wing v 18.9 2.8 .9
Body ‘and T&il 19.0 8.5 3.2
Cpp Total . 10.0 b.h 2.4
Body and Tail 21.2 10.5 .9
Cp Wing- 21.1 4.8 2.7
I
Model 6
(NACA 651 -012 ‘wing)
Mach number
0-90 1.00 1.09
Drag paremeter
D/Fp Total +1.5 1.4 +0.7
Wing 9.5 1.9 -9
Tail - 25.0 6.6 3.4
Body and Tail 10.5 7.6 k.6
Cpp Total 3.7 3.k 2.5
Body and Tail 12.7 9.6 6.5
Cp Tail 27.0 8.6 5.2
Wing 11.5 3.9 2.8
Model T
(NACA 65;-012 wing)
: Mach number '
Drag paramsts 0-90 1.00 1.08
D/Fp Total £1.2 +1.2 +0.7
Wing 6.6 1.8 1.0
Tail 25.0 5.7 3.5
Body end Tail 9.5 6.0 k.o
Cpp Total 3.4 3.2 2.6
Body and Tail 11.7 8.0 5.9
" Cp Tail 27.2 T-7 5.4
Wing 8.8 3.8 2.9
W ~HE
-



200F FRONTAL ARER -
TAL FRONTAL ARER -
NG FRONTRL AREA famonir ) -
WING FRONTRL AREA(MABEL &) -
WNG FRONTH. AREA(MODEL 7) -

Figure 1.— Detalls end dimensions of ving-hody cambinations (models 5, 6, and 7).  (ALL dimensicns

MICA 65000 NRFOIL (MoDEL 5) -_— e
O"“— WA 16-006 AIRFOIL
MACH GS0IL NIRFIIL - (MADELSS § 7) TA/L  SECTION

WIMG 3ECTioN  (A-R)

ARPEAS - RFA E

asgs TOTAL FRONTAL AREM (002 5) - 1057
Py TOTAL FRONTAL AREA(MODEL ) - 1,203
0498 - TOTAL FRONTAL AREACMOOEL 7] - 1L2/5
feX." 7} WING PLAN AREA CMODELS SI8) - 8410
0595 WINE PLAN AREA CMOBEL T) - 5060

TAIL PLAN AREA - LATe

are in inches.) Body coordinates are glven in table I.
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{a) Untapered wing.

2-""
Wing-dody compination with BP° sweptbtil.;?k wing located behind the maximmm diameter of
A body.
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(b) 1.k:1 tapered wing s

Mgure 2.— Coneluded.
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(a) Model 5 (NACA 65-009 untapered wing, 35° sweep).

Flgure 3.— Verlation of D/F, ratio with Mach mmber for modsels 5 to T
showing the distribution of the total drag smong the componsnt parts.
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(b) Model 6 (NACA 65)-012 untapered wing, 35° sweep).

Figure 3.~ Continued.
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(c) Model 7 (HACA 65;-012 wing tapered 1.467:1, 35° sweep).

Megure 3.~ Concluded.
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<SR
Mode/! nurmber J 6 3 - - -
Secton (NACA)  65-009 650/  65-009  Circular-arc

Aspect ratio 4.8 48 4/ 4/ 4/ 3é
Sweep 35 35 45 35 35 45
Taper /:/ /:/ /! /o /1
Reference - - 3 7 7 7

o9

b =002

% %-a/2
.06
|

40

\ L TU ]

04 \ \ ;/" 1 "*“‘74/ }( \
\ 4

thased on wing plan areal

Wing drag coefficient (y

M == ’tyé-— \
02 lll / 4 ‘ ]
LV VAl
[y = 4—/—— I e NACA
0 -—‘—;r‘-__ ~ 1 1
7 B g 10 £/ LR 17

Mach nurnber, M

Figure 4.— Comparison of wing drag results for models 5 and 6 with
results for relsted wings. Drag coefficients for the isolated wings _
wore taken Prom the theoretical results of reference 7 end do not . -
include skin friction.
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SRR,
3

Mode /! number 6 5
Jdection (NACA) GQ;OAZ 65009 65-009 6@HOA3 65-009
Aspect ratio 48 48 4./ - 5/ 5/
Sweep 35 35 45 o 7
Taper o/ 7/ /: /r:/ VA
Reference . -%— 3 & bl
.05 )/
\ N
\ \ i
o4 \ — “-‘,—/—r(_,/
NS i
] ]
\ | f i
.03 1 —
{
cos* N B rpe)* \' j//, ,
.0Z > 71 !
! / i
4 ;fj /L
)
o/ I / [t
A
/’l A A
r/// /’ NACA
0 Pid J 1
.6 7 & 9 /0 L/ y
NMYcos A

Figure 5.~ Correlation of drag resulis for swept wings located behind
the maximm diametér of a fineness—ratio-l12 body with results for
unswept alrfoils tested on cylindrical bodles by use of & modifica—
tion of infinlte—yawed—ring theory. Skin—friction drag coefficlent

essumed to be 0.005.
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Mode! numbar 4 7 o)
Section CNACA) 65-0/12 65-0/2 65,-0/2
Aspect ratio 40 48 48
Jweep 337 J2.9 35
7aper 2:1 . L4671/ /4
Reference 4 - -
~ .06
33 \ \ Y/
SN
N Q \ r L
Q 0 mimad L ~
5SS 04 / -
] X \ /’/
v O !
QS [/
QO = f
X i
NG ,
S % 4
BN A7
e - 24k
3§ — =
7 8 9 10 L/ L2 /3

Mach number,M

Flgure 6.— Comparison of wing dreg results for models 4, 6, and 7.
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S

Model number 2 7 é — 3
04 '
N \\ |
S?g .03 \ \ /ﬁt}i@ '\*'—Sg{'—‘"“‘"—"i‘"-‘: \
S S \ N~
LI N
= <
N
S8 &
[N 2N
N
I3
<3
8s Y
~NACA
o L1
L0 4 12 13

Mach rnumber, M

Figure 7.— Camparison of tail drag results for models 6 and T with
results for ldentical talls tested on other bodles.
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L
Model! nurnber 6 4 7 / S 3 '
Jdection (NACA) 6570/2 650/2 650/18 (No 65009 65-009 o
Aspect ratuw 48 40 48  wing) 48 4/
Sweep 35 =357 329 35 45
Taper /:/ 2: 1467/ /4 /:/
Reference 4 - / - J

8 4
D
S ®
* :
& o g
S 3§
3 '
s
S~
3§
58
N|
S
I
g
S§ .
\8 A SSSESSSENTETTSY
E_I;
D
S SNACA -~
0 AN AWAY ‘ I

7 B .9 Lo L7 LR 18
Maeh nwmber, M

Pigure 8.— Effect of wing sweep and thickness on the drag of the body—
tall combination. The width of the cross-hatched band corresponds to
the spread of the tall drag results of .figure 7. . ’
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L
Model nurnber 6 4 7 g J /
Section (INACA) 65-012 65-012 65012 65-009 65009 No
Aspect ratra 48 40 4.8 4.3 4/ wing)
Sweep 38 347 2.9 35 45
Taper [ 2:/ L4611 I/ A
Wing areg sq.ft 6./ a0 5.9 &/ 70
Reference - 4 =

)
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Figure 9.— Camparison of total drag coefficlents for models 5 to T with
results for related conflgurations. The drag coefficlents are based
on the body frontal arsa which is constant for all models.



